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THE SIGNIFICANCE OF THE INTER- 
NAL RETICULAR APPARATUS 
OF GOLGI IN CELLULAR 
PHYSIOLOGY’ 


Ir is natural for us to attempt to reduce physio- 
logical activities to a cellular basis. The cells of 
which we are composed are in a very real sense 
vital units. Some of them continue to survive many 
hours after death, and, while we live, many of them 
are continually dying. But we ought not be disap- 


pointed if examination under very high powers of the 


microscope fails to reveal any definite structural 
groundwork in the cytoplasm. That it is not homo- 
geneous, as it often appears to be, does not require 
proof, for chemical and physical homogeneity would 
be inconsistent with physiological activity. We must 
have some faith in things unseen; we must extend our 
conceptions to include the morphology of the ultra- 
microscopic and invisible; otherwise we fail. 

Like a great factory, the cytoplasm must be spa- 
cially organized for the separation and integration of 
chemical reactions. Industries are coordinated 
through trade; the cells by the blood stream. But 


the cell is many times more efficient.than any fac- .. 


tory. Within its small compass it rapidly brings 
about chemical changes which are only possible out- 
side the body at high temperature and with the aid 
of much complicated machinery. It is marvelously 
well regulated and works with wonderful harmony. 
The analogy is, of course, hopelessly inadequate, but 
it is nevertheless useful for our purpose. As in a 
factory, certain areas of the cytoplasm are set apart 
to perform specific duties. I have in mind, for ex- 
ample, the contractile portion of the muscle cell and 
the seeretory pole of the gland cell. The most re- 
cently recognized area and the one about which we 
know the least appears in many eases to be of fluid 
nature. It has been called the Golgi apparatus after 
its discoverer, but the term “apparatus” is unfortu- 
nate beeause it suggests a mechanism of a rather in- 
animate type. With the dawn of an era of experi- 
mentation in technique, much attention is being paid 
to this portion of the cytoplasm. Already the litera- 
ture has become so unwieldy that to save valuable 
time we gladly avail ourselves of carefully con- 
structed reviews, like those of Duesberg, Cajal and 
Pappenheimer, to determine what has or has not 


1 Eighth Harvey Lecture delivered at the Academy of 
Medicine, New York, March 1‘), 1923. 
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been done. It is indeed a striking commentary upon 
the domination and apparent self-sufficiency of classi- 
cal methods of cytological analysis that this cyto- 
plasmic constituent, which frequently occupies an 
area as large as the nucleus, should have remained 
almost unnoticed for so long. 

(1) Morphology: As a result of the discovery that 
the apparatus is argentophile after certain fixatives 
(Golgi) and that it may be blackened by prolonged 
treatment with 2 per cent. osmic acid (Kopsch), many 
facts have come to us regarding its shape. In the 
somatic cells of mammals and the majority of verte- 
brates it is usually encountered in the form of a 
more or less dense network consisting of anastomos- 
ing strands of uneven girth but of smooth outlines. 
It may be closely drawn together into a rather com- 
pact mass, or dispersed throughout the cytoplasm in 
isolated fragments, as is often the case in nerve cells. 
It is never of exactly the same morphology even in 
neighboring cells of the same kind, which indicates 
great ability and has given rise to the belief that it 
may be changing in shape from moment to moment. 
~In attempting to understand changes in form, we 
have to be on our guard, because slight variations in 
technique may result in networks which are either 
unusually robust or else thin and anemic looking or 
in the complete disintegration of the apparatus into 
droplets of irregular size. But well-controlled prep- 
arations do show conclusively that the shape of the 
apparatus is in a general way typical of different cell 
types. For instance, its appearance is quite charac- 
teristic in acinus cells of the pancreas and polymor- 
’ phonuclear leucocytes—in the one it is a large net- 
work of coarse meshes located between the nucleus 
and the lumen, in the other it is a small rather dense 
mass to be found in the cytoplasm in the concavity 
of the nucleus. Furthermore, if glands like the sub- 
maxillary and thyroid are examined in several dif- 
ferent groups of animals the same general style of 
Golgi apparatus is repeatedly met with. In other 
words, variations in its morphology are probably very 
closely related to variations in cellular organization 
and function. 

In the lower metazoa, the information at hand ap- 
pears to show that generally speaking the Golgi ap- 
paratus is rather prone to occur in disconnected 
fragments, instead of in the form of complicated net- 
works. Particularly is this true in stages of oogene- 
sis and spermatogenesis. Isolated masses are also to 
be detected in the protozoa. To this cireumstance is 
due the practice of some authors in speaking of Golgi 
“bodies.” The word “body” unavoidably carries the 
impression of distinctive form and to some extent of 
solidity as contrasted with relative fluidity. 

(2) Occurrence: Material resembling the typical 
Golgi apparatus, as it was first described in the nerve 
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cells of mammals, is of very wide occurrence. If y, : 


search through the cells of the human body we find 
it present in each and every one except in those whic, 
are dead and dying, like non-nucleated red blood ¢¢|j, 
and desquamating epidermal cells. Not only does , 
Golgi apparatus occur in all embryonie cells, but wit 
growth and differentiation, it undergoes,a definite g. 
quence of changes, suggesting, as pointed out }; 
Bensley, that we have to do with a material whic 
behaves as a unit in the developmental cycle. In the 
phylogenetic series we are confronted by a simila 


condition of affairs. It is safe to say that a Golgi 


apparatus or its representative has been seen in 4l 
vertebrates which have been properly examined, als 


in many invertebrates, and in plants (Laburu anim 


others.) In establishing homologies, however, it i; 
necessary to keep before us the fact that we are actv. 
ally dealing with mixtures of unknown substances 
which vary in density as compared with the grouni 


substance, so that as yet we are only permitted tof 


outline the probable distribution of the Golgi appa. 
ratus, with due qualifications and in the most tentz- 
tive way. Borderline cases are perplexing becaus 
the properties of the material unquestionably vary 
progressively in the life history of specialized cells 
so that it is difficult to say when we are dealing wit) 
a true Golgi apparatus or with substances which may 
be in part its products—an uncertainty which is als 
encountered in dealing with mitochondria. With ou 


present technique we may just skim the surface ani & 


recognize a few of its most general attributes. When, 
after further experimentation, we are able to examine 
it more closely, with really refined methods, it is quite 
possible that we shall find distinctive variations in 
cells of different categories. As in other biological 
problems, so also here a close study of morphology 
and behavior must precede chemical and physiological 
analysis. 

In our analogy of the factory, it is like the discov- 
ery of the existence in all manufacturing plants the 
world over of rather pretentious buildings, character- 
ized by certain distinctive architectural features and 
built of materials almost wholly unknown to us. 

(3) Size: Some cells are evidently fitted to per- 
form their duties with a large Golgi apparatus (gland 
cells) and others with a relatively small one (muscle 
cells). We know also that the Golgi apparatus is 
usually well developed in the active stages of cyto- 
morphosis, that it becomes gradually smaller as the 
cell ages (except in plants) until it finally disap- 
pears with senility and death. There is also satis- 
factory evidence to the effect that this peculiar cyto- 
plasmic area becomes enlarged in certain pathological 
conditions. For instance, Tello discovered a marked 


degree of hypertrophy in tumors of the mammary 
gland and his results are in harmony with an increase 
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5. the size of the apparatus which Da Fano subse- 


quently noticed in the mammary gland during preg- 
nancy and lactation. Other instances might be cited, 
but we shall do well to err if anything upon the side 
of conservatism in recording experimental changes 
and to accept only alterations which are very pro- 
nounced, because slight variations in size occasionally 
oceur spontaneously without apparent rhyme or rea- 
son. Some of them may be due to slips in technique 
or to the influence of changes in light or temperature 
upon the silver reaction or the blackening with os- 
mium. For the present an accurate quantitative de- 
termination of the Golgi apparatus is beset with 
almost insurmountable difficulties. Nobody has yet 


; attempted to establish a definite Golgi apparatus— 


cytoplasmic ratio on the basis of relative volumes._ 
We cannot even say, with confidence, whether the ma- 
terial is present in relatively larger amounts in pro- 


| tozoa or in man. 


Passing now to a consideration of the actual mech- 
anism of changes in size we at once plead complete 
There has, however, been no dearth of 


broken up into smaller masses (resembling perhaps 
the Golgi “bodies” of ‘lower forms) which are dis- 
tributed approximately equally to the two daughter 
cells, in which the networks are again reconstituted. 
Sometimes this process is characterized by great regu- 
larity; at other times it has the appearance of being 
rather haphazard. Attempts have not been wanting 
to bring the so-called “Golgi bodies” into line with 
other cytoplasmic components, especially the plastids 
of plants, which are, at least in some cases, self-per- 
petuating and multiply by direct division without 
loss of their individuality. Gatenby in particular 


; has come out squarely with the declaration that “both 


mitochondria and Golgi bodies are able to assimilate, 
grow and divide in the cytoplasm somewhat as a pro- 


} tist assimilates, grows and divides in a watery me- 


dium.” By this he does not intend to imply that they 
are symbiotie organisms. He wishes only to indicate 
that they possess a marked degree of independence. 
He is not alone in this contention, but the idea of the 
individuality of chemical substances, expressed in re- 


® lation to the Golgi apparatus, in a system which is 


itself a coordinate whole, does not make a strong ap- 
peal to those of us who have been chiefly occupied 
with the somatic cells of vertebrates in which the 
networks frequently attain to a high degree of com- 
plexity and in which they often undergo hypertrophy 
without preliminary fragmentation into small ag- 
gregates. Under these circumstances, growth by some 
Process of aceretion seems more likely to prevail. 

(4) Position: Another point of interest, and we 
trust of immediate practical importancc, is that the 
Golgi apparatus appears to move about in the cyto- 
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plasm in a remarkable and orderly manner. In cells _ 


of fixed secretory polarity, like the acinus cells of the 
pancreas, which have already been mentioned, and 
the cells of the salivary glands, it is always placed 
between the nucleus and the discharging pole. In 
the thyroid, on the other hand, I have found that, at 
least in the adult guinea pig, it normally migrates 
from one end of the cell to the other. That is to say, 
from its usual position between the nucleus and the 
lumen it may approach the lumen or flow around the 


nucleus to the opposite end of the cell adjacent to 


the peripheral vascular network. This reversal may 
take place in entire follicles or within single cells. 
There seems to be a kind of ebb and flow. In order 
to view this phenomenon in true perspective, we 
may recall that the position of the Golgi apparatus 
is subject to great variation in the cells of the choroid 
plexus, studied by Biondi, and that a somewhat sim- 
ilar but progressive change in its position has been 
noted by Golgi in mucus-secreting intestinal epithelial 
cells. 

Since we have reason to believe that the thyroid 
differs from other glands like the pancreas in being 
able, under conditions which are but little known, to 
pour its secretion directly into the peripheral vas- 
cular network, I made the suggestion, in January of 
last year (1922), that we have in these migrations a 
real indicator of physiologic reversals in polarity. 
If this theory is confirmed experimentally, prepara- 
tions of this type revealing the position of the Golgi 
apparatus will afford accurate information regarding 
the direction of secretion at the time the tissues are 
taken. In this way it may well be possible to effect 
a close correlation between the actual discharge of 
thyroid secretion and the response by the organism 
to its action. I also suggested that an examination 
of the Golgi apparatus in the parathyroids and the 
hypophysis, in both of which intracellular secretion 
antecedents remain to be discovered, might yield clues 
regarding the direction of discharge, but prepara- 
tions were made of these tissues from adult guinea 
pigs without my being able to discover any definite 
orientation on the part of the apparatus. , 

But the probability of success with the thyroid 
is clearly indicated by Masson’s paper on the posi- 
tion of the centrosomes in malignant thyroid tumors 
published last June (1922), It has been abundantly 
shown that the centrosomes are often closely related 
in a ‘topographic sense to the Golgi apparatus. Like 
the Golgi apparatus they usually oceur in thyroid 
cells between the nuclei and the lumen. But in tumor 
cells Masson found them to migrate in the direction 
of the peripheral blood vessels. In one of his illus- 
trations it may be seen that, though most of them are 
in the usual position, a few are reversed. In another, 
all are reversed and the colloid has disappeared from 
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the lumen and has accumulated about the peripheral 
blood vessels. The follicles seem to have been turned 
completely inside out in respect to the direction of 
secretion. Successful preparations of the Golgi ap- 
paratus would probably have revealed the same phe- 
nomenon. 

Last April, Courrier and Reiss published a short 
note dealing with the position of the Golgi apparatus 
in the parathyroids of new-born kittens. With the 
apparatus as an indicator, they claim to have estab- 
lished the existence of a definite secretory polarity 
and the presence of a network of capillaries of two 
types. They believe that at this stage the cells are 
arranged in cylindrical columns, the surfaces of which 
are bathed by nutritive capillaries and the central 
areas drained by others of excretory nature, and that 
the position of the Golgi apparatus between the nu- 
cleus and the central capillary indicates the existence 
of a definite functional polarity. The authors point 
out that this discovery of polarity opens up a some- 
what new conception of endocrine cells, it having been 
customary thus far to deny the presence of definite 
secretory polarity in all of them except the thyroid. 
They call attention, for example, to Van der Stricht’s 
claim that the lutein cells may secrete from any point 
of their surface—i.e., that they are apolar—and to 
the fact that Colson is of the same opinion in respect 
to the cortical cells of the suprarenals. Now the 
possibility is raised that other cells, in addition to 
those of the parathyroids, may be definitely polar- 
ized. This information supplied by Courrier and 
Reiss, if confirmed, may be useful in helping us to 
find true secretion antecedents in the parathyroids. 
When we know the pole of the cell from which the 
secretion is discharged, we shall at least know where 
the antecedents are likely to be most concentrated. 

In a second paper published in June, Reiss made a 
study of the position of the Golgi apparatus in the 


- secretory cells of the anterior lobe of the cat’s hypo- 


physis. What he found is indeed most striking. As 
a preliminary to the discussion he remarks that, from 
the work of Stewart and others, it seems likely that 
the three types of cells with which we have to deal 
are closely related. From being chromophobe, they 
become basophile and then acidophile. In the first 
named, the apparatus is, according to Reiss, without 
special orientation which corresponds nicely with the 
view that these cells are resting. In the basophile 
cells it is invariably found between the nucleus and 
the periphery of the cluster, and finally in the acido- 
phifes it is located between the nucleus and the cen- 
tral area. Reiss claims to have observed all transi- 
tional stages in this sequence. His interpretation is 
that we have a mechanism by which the cells are able 
in ove stage to pour a secretion toward the periphery 
and then to turn about face and discharge a second 
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and different product into the center of the cluster, 


It is questionable whether these suggested oscilla- 
tions in secretory polarity could have been detected 


without the clue offered by the migration of a con- © 


spicuous structure like the Golgi apparatus. We 
naturally await confirmation of Reiss’s work with 
some eagerness. 

A significant observation to be emphasized is that 
reversal in the position of the Golgi apparatus may 
also be induced experimentally in tissues in which it 
does not occur normally. D’Agata discovered a 
change in position in epithelial cells of the newt’s 
stomach following scarification, and Basile found that 
it could be reversed in the cells of the straight and 
convoluted tubules in one kidney through the extirpa- 
tion of the other. From its normal position between 


the nucleus and the lumen it migrates to the opposite 


pole facing the peripheral blood-vessels. Unhappily, 
these observations have not been confirmed, but the 
illustrations presented by Basile are so clear and con- 
vincing that it is difficult to imagine how he could 
have gone astray. But we must not be premature 
and hasten to the conclusion that the purpose of the 
any apparatus is to elaborate secretion, because we 

nd it to be equally highly developed in nerve cells 
and in others in which secretory activities are not 
pronounced. Neither can we say that in gland cells 
it is wholly unrelated to the formation of secretion, 
since so marvelous an integrating and unifying prin- 
ciple is manifest in all vital processes. We have to 
steer a middle course. What the observations which 
I have related do show is that we are now able to 
follow significant changes in the position of an im- 
portant and hitherto unrecognized cytoplasmic area. 
From the technical point of view we are on firmer 
ground than in the study of variations in the shape 
and size of the Golgi apparatus, inasmuch as it is 
altogether unlikely that any error in manipulation 
would constantly bring about so definite a shifting in 
the relative position of parts of the cytoplasm. 

To return again for a moment to our confessedly 
inadequate analogy of factory organization, it is as 
if the above-mentioned large and unknown buildings, 
presumably containing machinery vital to the indus- 
try, were found te be capable of undergoing periodic 
migrations to the other end of the lot. 

(5) Constitution: Thus far stress has been placed 
upon objective findings which are subject to verifica- 
uon. Unfortunately, any logical and comprehensive 
interpretation which will fit all the facts is a thou- 
sandfold more difficult. We are not even justified at 
this time in hazarding speculations as to what is 
going on within this newly discovered region of the 
cell, although several investigators have not shown 


any reluctance to express their views on the subject. | 


It has already been intimated that while our methods 
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are so crude we can not exclude the possibility that 
under the same heading we are grouping a variety of 
formations. The affinity of the Golgi apparatus for 
silver salts after appropriate fixation has been men- 
tioned and the ease with which it may be blackened 
by prolonged immersion in osmic acid. It may occa- 
sionally be stained with iron hematoxylin and resor- 
cin fuchsin. Either it or one or more of its compo- 
nents are soluble in alcohol, for unless preparations 
are dehydrated very promptly no trace of it remains. 
It has been repeatedly asserted that the Golgi a 
paratus is at least partly of lipoidal nature. Ac 
cording to Gatenby, it has in this respect much in 
common with mitochondria. Bowen is of the opinion 
that the Golgi bodies observed in insect spermato- 
genesis are made up of two components, one staining 
darkly and the other lightly—an idea which has been 
elaborated by subsequent investigators, but I see no 
good reason to suppose that the Golgi apparatus in 
the somatic cells of higher vertebrates is heterogen- 
eous in the same sense. 
The chief obstacle is that the Golgi apparatus can 
not be clearly seen in living unstained cells examined 
Hin approximately isotonic media—to be specific, in 
mammalian tissues, because several workers claim to 
®have observed Golgi bodies in the living cells of cer- 
tain invertebrates. Nor has it been possible to stain 
Pathe material with vital dyes, although many have 
*Pbeen tried. This small branch of cytology has in fact 
advanced about as far as did our knowledge of mito- 
Hechondria before the introduction of janus green. At 
Pathat time there were many “doubting Thomases” who 
pghave since been converted. We hope and expect a 
similar development in the case of the Golgi appar- 
Matus. But in fairness we are obliged to admit that, 
/@as revealed to us in fixed preparations upon which 
"yve must for the moment rely, it is an artefact in the 
@sense that it conveys an impression which does not 
Sgiully or accurately represent the condition of affairs 
in the living cell. We suspect that the dense black 
@outlines give rise to a false idea of relative solidity 
sior the reason that when cells are carefully crushed 
‘ender the microscope it may be seen that the mito- 
‘hondria and other granules have freedom of motion 
=}2nd that they are not impeded by the presence of a 
Meni-rigid network in the area which we know to be 
Moccupied by the Golgi apparatus. I have found, 
"oreover, in the thyroid that it is by no means a 
“simple matter to displace the Golgi apparatus by 
oycentrifugation, from which it is safe to deduce that 
'#* is, in the tissue examined, of about the same spe- 
@ fic gravity as the remainder of the cytoplasm. 

(6) Reactions to injury: It was soon shown by 
Cajal and other investigators that the Golgi appa- 
ratus is very sensitive to autolytic influences. In 
herve cells removed from the body it loses, within a 
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very few minutes, its distinctive net-like form and 
breaks up into a very fine dust-like deposit. The 
sequence of alterations following experimental in- 
jury to nerve cells has been the subject of several 
papers first by Marcora and later by Cajal and Pen- 
field. As a result, the apparatus becomes dispersed 
into the peripheral cytoplasm and finally disappears 
completely. In phosphorus poisoning I have noted 
a corresponding fragmentation but no peripheral mi- 
gration. It is a singular fact that unlike the mito- 
chondria (W. J. M. Scott) the Golgi apparatus takes 
little or no part in the ensuing fatty degeneration. 

The time at my disposal forbids reference to 
further work along this line except to make the gen- 
eral comment that investigators in biology and medi- 
eine have not been slow to grasp the fact that the 
Golgi apparatus offers an entirely new criterion of 
cell injury, the study of which may yield surprising 
results of far-reaching importance. It is to be re- 
gretted that the problems involved have not always 
been approached in a spirit likely to bring adequate 
returns. In recent years cytology has become a very 
highly specialized science and must be treated with 
due respect. Nobody would launch forth upon a 
complicated chemical analysis without adequate train- 
ing in chemistry. Disappointment would follow as 
surely as day follows night. The instances are ex- 
actly parallel. No matter how detailed are the in- 
structions, a technician ean not be expected of his 
own initiative to follow them successfully and to ar- 
range for svitable controls. The investigator him- 
self must buckle right down to work, and prepare 
himself for some disappointments, if he is to reap the 
reward. In a study so delicate it is even within the 
bounds of possibility that trained individuals looking 
eagerly for some distinctive changes will all uncon- 
sciously be influenced to report some deviation from 
the normal, especially when the normal is not readily 
established, as in the ease of human tissues removed 
at operation or at autopsy. It is open to serious 
question whether the study of mitochondria has not 
also suffered grievously from the hastily planned and 
ill-considered observations of investigators who are 
masters in their own fields and have simply been at- 
tracted by the shimmer of something which is strange 
and new. 

(7) Relation to the so-called canalicular appa- 
ratus: Before concluding this address, brief mention 
should be made to a kind of evidence which we ap- 
prehend only dimly but which seems to shed some 
light upon the nature of the materials which we have 
under consideration. About the time that Golgi an- 
nounced his discovery (1898), Holmgren and other 
workers found a system of clear canals within the 
cytoplasm of a large variety of cells belonging to the 
same categories in which the presence of the Golgi 
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apparatus was being reported. They were seen after 
many fixatives, but especially trichlorlactic acid, and 
exhibited the property of remaining uncolored when 
the rest of the cytoplasm was stained. Their close 
resemblance in form and position to the apparatus 
of Golgi attracted widespread attention, so much so 
that Cajal was led to propose the name of Golgi- 
Holmgren canals to include both formations. This 
action, however, has not pased unchallenged. Dues- 
berg has reacted strongly against its unqualified ac- 
ceptance. He is of the opinion that the two forma- 
tions are identical in neurons and non-nervous cells 
which possess a localized trophospongium (canalicu- 
lar system) but that in non-nervous cells with a dif- 
fuse trophospongium spread throughout the cyto- 
plasm they can not be the same because the Golgi ap- 
paratus is restricted to one pole of the nucleus. 

We note also that Penfield has found distinctive 
changes in the morphology and position of the Golgi 
apparatus in nerve cells after section of the posterior 
nerve roots. And, further, that when the same cells 
were bleached and stained with iron hematoxylin he 
was able to observe a system of clear canals in the 
eytoplasm which in no way corresponded with the 
remnants of the Golgi apparatus. He naturally con- 
cluded that the clear canals and the blackened Golgi 
apparatus are two entirely different formations. 
These observations merit very careful consideration. 
A close examination of his figures shows that the 
clear canals which he found are not exactly the same 
as the canalicular apparatus in normal nerve cells. 
The canals are angular and to some extent suggestive 
of shrinkage spaces; they are abundant in the periph- 
eral cytoplasm and in some cases appear as if they 
might penetrate into the cell from without; whereas 
in normal cells of the same kind the canalicular ap- 
paratus presents rounded contours and is usually 
situated in the intermediate zone of the cell, leaving 
a layer of cytoplasm immediately about the nucleus 
and just beneath the cell membrane clear. This may 
mean that we are dealing with a canalicular appa- 
ratus distinctively changed by section of the nerve 
roots or that we are confronted by an altogether dif- 
ferent type of tubular system. 

It is, I think, significant that von Bergen discov- 
ered in certain nerve cells shreds of blackened ma- 
terial within clear canals—an observation which has 
led investigators to infer that the clear canals con- 
tain a fluid which is argentophile, osmophile, soluble 
in alcohol and exhibits all the properties which we 
are accustomed to refer to the Golgi apparatus. 
Though I have been unable to repeat this observation 
of von Bergen, I have obtained similar but less strik- 
ing information pointing in the same direction. In 
nerve cells the clear canals, like the blackened appa- 
ratus, may be diffuse, eccentric or cireumnuclear in 


rise to the familiar plant cell vacuole. ! On the basi 
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position after fixation in formalin, trichlorlactic acij 
of ca 


and osmic acid. The same three morphologic type 


are seen after staining with Weigert’s hematoxy]in m/s! 
What appear to be transitions may be detected hp. om . 
tween clear canals and aggregates stainable with refi!" 

botan 


sorein-fuchsin, and also between clear canals anj 


osmie acid-blackened masses. In other words, in bot)iN tigate 
instances there seems to be a progressive increase of simile 
the stained material at the expense of the clear canalfm° “ 
My preparations suggest positive and negative im. cells. 
pressions of one and the same thing. In the pancreajay®*® 
I have bleached out the blackened networks and fini ments 
in all cases a corresponding system of clear canals differ 
remaining, although the size of the cells is altereigm'!° ™ 
by the repeated hydration and dehydration. But ify To 
is unsafe to go as far as to claim that the cleage%°” ° 
eanals and the blackened reticula oceurring in sipy’*"'°" 
cells are visible expressions of the reactivity of onfm?!YS" 
and the same cytoplasmic area. = of 
We know that clear, chromophobe spaces in the ful tel 
cytoplasm are not always of the same origin. Thea?’ /4" 
may represent areas from which the 
have been dissolved; instead of being restricted to « amet: 
definite location they may be experimentally produceiiy 
throughout the cytoplasmic area; in some case what | 
pointed clefts which are apparently technical arte is whe 
facts may be continuous with a canalicular apparatu pares 
in its proper location. And these are not the onlpe- "a 
possibilities that complicate the problem. Repeatel me 


attempts on my part to make clear canals artificially 
in mixtures of gelatin and lecithin, fixed by methodft 
designed to reveal the canalicular apparatus, have no 
been particularly fruitful. Preparations made ir 
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this way and stained with iron hematoxylin contaif} y,. 
canals and vacuoles of many sizes. By careful sele« 
tion, however, it is possible to gather together a seria 
of canals which resemble to some degree the intraf THE 


cellular formations which so perplex us. That intra 

cellular canals are not always fixation artefacts maj 
be concluded from Bensley’s observation that the 
may be seen in living islet cells of the pancreas. Bui 
the mere act of taking living cells from the body anf, 
of bringing them under the microscope for study may. 

and probably does, initiate changes in the cytoplasuf 


which may be wholly or in part responsible for th ee: 
appearances in question. 
The same investigator made a parallel study of tli staff 7 


clear canals in plant and animal cells by improvel 


methods of technique. Through the study of bot! ane 
living and fixed tissues he found a very significat! ee 
series of changes in growing cells of the onion tip Pealiné 
In the youngest cells he discovered a system of clea 000: +} 
canals, agreeing in many details with those brougll Our 
to light by the same methods in animal cells. Will... he 
increase in age the canals enlarged and finally gavQ@...) 
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of these observations he suggested “that the network 
of canals found in so many animal cells is the physio- 
logic and morphologic equivalent of the vacuolar sys- 
tem in the plant cell.” This far-reaching generaliza- 
tion has recently (1922) received support from the 
hotanists, Guilliermond and Mangenot. These inves- 
tigators worked with barley cells and arrived at a 
Similar conclusion by employing methods adapted to 
ihe demonstration of the Golgi apparatus in animal 
cells. If further work shows that this is in truth the 
case, interesting and new opportunities for experi- 
mental study will be opened up of a kind essentially 
different from those contingent upon the discovery of 
the nucleus. 

To come back to the starting point in our discus- 
sion of what we are pleased to call “cellular organi- 
zation” which is, after all, the central problem of 
physiology, it is as if an inhabitant of Mars observed 
one of our large manufacturing plants with a power- 
{ul telescope and discovered a large and conspicuous 
building, and, further, that he noted similar buildings 
in other centers the world over, capable of changes in 
size and shape and of migration from place to place. 

mit would be only natural for him to try to discover 
what mysterious activities go on within them. This 
is what we are endeavoring to do with the Golgi ap- 
paratus in animal cells. At present we see through 
a glass darkly, but we hope that this haziness is 
merely the rather invigorating cloud of mystery 
which usually surrounds a new development in sci- 
ence. We do not like to think that we are only hot 
jin the pursuit of a phantom. 
E. V. Cowpry 
HE ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH 
New 


THE NEW PEABODY MUSEUM AT YALE 
UNIVERSITY 


THE corner-stone of the new Peabody Museum at 
| Yale University was laid on June 18. President An- 
imcell presided, and Professor Edward S. Dana, Yale 

70, chairman of the museum trustees, and curator of 
the mineralogical collection since 1874, laid the cor- 
ner-stone. Professor Richard S. Lull, director of the 
puuseum and eurator of vertebrate paleontology, spoke 
Hof the present work and future plans of the museum 
staff. Professor Dana referred to the fact that seven 
years had elapsed since the trustees agreed to sur- 
tender the old museum site in order to make possible 
the erection of the Memorial Quadrangle. The former 
Peabody Museum, opened in 1876, cost about $175,- 
000; the new building will cost about $900,000. 
_ Our chief duty and pleasure to-day, said Mr. Dana, 
's to honor the generous gentlemen who gave the orig- 
inal sum for our Museum of Natural History, Mr. 
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George Peabody; also Professor Othniel C. Marsh, 
who collected and studied the specimens which make 
our collections unique; also the many other gentlemen 
who have worked loyally with him and since his death. 
Mr. Peabody, born in Danvers, Massachusetts, in 
1795, a poor boy at the start, by his own efforts and 
sagacity amassed a large fortune, and of this he gave 
away about ten million dollars before his death in 
1869—an enormous sum for that time. His gifts were 
so numerous that no attempt can be made to enumer- 
ate them here. First in magnitude and importance 
was the gift of one and three quarter millions for the 
housing of the poor of London. This generous act 
was so fully appreciated in England, where Mr. Pea- 
body spent the larger part of his life, that Queen Vic- 
toria warmly acknowledged it, and presented Mr. 
Peabody with a miniature of herself surrounded by 
diamonds and pearls. But this was only one of Mr. 
Peabody’s generous donations. To the city of Balti- 
more he gave one million dollars; to the South he 
gave two millions and a half to assist in popular edu- 
cation without distinction of race or color; to many 
other cities and institutions he gave also most liber- 
ally. The gifts, however, which concern us to-day are 
those of one hundred and fifty thousand dollars each 
to Yale for a Museum of Natural History, and to 
Harvard for a Museum of American Archeology. 
The Peabody Museum will always be associated 
with the name of Professor Othniel Charles Marsh. 
Not only was the fact of his being a nephew of Mr. 
Peabody, an important element in our securing the 
gift mentioned of $150,000, but by his keen scientific 
knowledge and by his collecting, begun even before 
his first expedition with students of the College in 
1870, he amassed an amount of material in verte- 
brate paleontology that is absolutely unique. In the 


early years the West was an unexplored region, the - 


localities where the fossil remains existed had never 
been disturbed, and much of the material had been 
weathered out by nature entire or in part, so that the 
minimum amount of labor was required for its col- 
lection. Tons of invaluable specimens in thousands 
of boxes came from the West, and when Professor 
Marsh died in 1899, the Marsh Collections were of 
such extent that even now with numerous assistants 
at work, much of the material is still to be developed. 
It would be a graceful thing to mention the names 
of his helpers, but time does not permit. Collecting 
and study are still going on under the supervision of 
the director, Professor R. S. Lull, and hardly a month 
passes that papers are not published on the Marsh 
collections. This last work is aided by the Marsh 
Publication Fund, $30,000 and more, left in his will 
primarily to complete some of the volumes he had 
begun or had in his mind. This particular use of the 
money was found to be impracticable, however, be- 
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cause the volumes were not far enough advanced. to 
make it possible for others to go on with the work ex- 
cept on an independent basis—hence the establish- 
ment of this sum as a special fund to be used for the 
working out and description of the Marsh material. 
It is indeed fitting that the main hall of the new 
building in the plans as now matured should be de- 
voted to the exhibition of the more striking of the 
remarkable extinct animals in the Marsh Collection. 
Some of them are bizarre in appearance or very large 


in form. The Brontosaurus, for example, of which — 


we have a practically perfect skeleton, measures 
sixty-seven feet in length. The Stegosaurus and Clao- 
saurus are other of our gigantic reptiles; they are the 
relatives of those of the Connecticut River Valley 
which made the so-called bird tracks of which we also 
have a very large collection. The work of installing 
the specimens, begun by Professor Marsh, carried on 
by Professors Beecher, Schuchert, Lull and others, 
has been a great enterprise, even now continued under 
the generous roof of the Osborn Laboratories. 

The Zoological Collection is also remarkably com- 
plete and fine, especially in the marine life of our At- 
lantie and Pacifie shores. This we owe most of all to 
the ceaseless labors of Professor A. E. Verrill, also 
simultaneously of Professor Sydney I. Smith, and 
recently of Professors W. R. Coe and R. G. Harrison. 
Professor Verrill’s long connection with the work of 
the United States Fish Commission was invaluable to 
us. It would require far more time than is available 
now to give any adequate idea of the labors of Pro- 
fessor Verrill, a student of the great Louis Agassiz in 
the sixties, and an indefatigable worker from the be- 
ginning even to the present time, when he carries a 
number of years that would crush most men. 

The mineral collection, a very prominent part of 
the treasures in the “Old Cabinet Building” on the 
Yale College campus, which disappeared long ago, 
was transferred to the museum in 1876, and has 
grown steadily since that time till it was packed up 
and moved. Every specimen was out of the building 
by May, 1917. This collection, with many additions 


not yet exhibited, will be installed in this building by | 


the new curator, Professor W. E. Ford. 

The archeological collection was also begun by Pro- 
fessor Marsh. It has been added to largely by the 
present active curator, Professor George Grant Mac- 
Curdy. It is now of great value and extent. 


Professor Lull spoke in part as follows: % 
During this period the zoological collections have 
been carefully inspected, renewed and classified, and 
many new preparations, both of individual specimens 
and of habitat groups, have been carried to comple- 
tion in anticipation of the new halls which they are to 


grace. 
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The department of geology, really paleontology 
has been yet more active in proportion to its larger 
staff. About fourteen hundred out of some forty. 
five hundred trays of fossil vertebrates, containing 
many thousands of specimens in varying degree o/ 
preparation and repair, have passed through tl 
hands of the preparators, and are for the first time 
entirely conditioned for exhibition, study, systematic ff 
storage or exchange. Group after group of creature § 


. thus prepared have been catalogued and mono. 


graphed, so that, aside from its present accessibility 
due to our more complete knowledge of its contents 
the scientific data which the collection has yielded 
have been made the subject matter of more than one 
hundred technical papers, which have appeared or arf 
ready for publication. In additién seven skeletons off 
pre-historic animals of moderate size have “bee 
mounted, some of them jembodying original ideas of 
technique as yet unattempted elsewhere. 

The invertebrate collections have been likewise 1. 
worked to as large an extent as time and the available F 
labor permitted, and have been also the source oj 
scientific enlightenment fo the world. During ‘he dis- 
embodied period the collection has increased by pur 
chase, expedition and gift, some of the results of 
which filled sorely felt iniour study and espe-F 
cially our exhibition series. Ivcan mention only the} 
collection of Permian imseets—which, excepting Sel-F 
lard’s, probably equally’ large, ‘is the greatest in the§ 
world—gathered by Professor Dunbar ; the materials 
illustrating European pre-history assembled by Pro-f 
fessor MaeCurdy; the beautiful, collection of Amer- 
ican Indian relics made by Colonel Charles H. Bige- 
low and given by Mrs. Bigelow; the Yale Peruvian 
collection presented through Director Bingham; an( 
lastly, because of its supreme importance, the: mar 
velous collection of the heads ‘and skins of the van-f 
ishing great mammals of the world, presented by Mr. 
Thomas Cardeza. 

A year should see the completion of this fabricf} 


- with its nine halls for exhibition, in which the col-§ 


lections will be most carefully, installed in such a waif 
that he who visits them ean view the orderliness and 
continuity of Nature and observe for himself the 1¢ : 
sults of what Henry Van Dyke éalls the “Divine Lav 


of Evolution.” These halls will be used not alone by 


Yale students, although as a university museum the ii 


chief aim is for their teaching, but the other duty 10% 
the city is not lost sight. of, for New Haven has 
civic museums, save that of the New Haven Colon) iy 
Historical Society, as have many of the other citis§ 
of the world, but relies on the university collection § 
to aid in the dissemination'of truth to her people. Af 
direct appeal will be made to the visiting public, bu'f} 
more especially to the young citizens of our publicly 


schools. 
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SCIENTIFIC EVENTS 


TRIESTE AND MARINE BIOLOGY 


Dr. M. Stew, director of the Natural History 
Museum in Trieste, delivered an address, in October, 
1921, at the Trieste meeting of the Italian Society 
for the Advancement of Science, on the part played 
by Trieste in the study of marine biology. The ad- 
dress has recently been published and is abstracted in 
Nature, from which we quote. 

Dr. Stenta referred to the observations of Abbot 
Fortis published in 1771 on the islands of the Quar- 
nero, and those of Abbot Olivi (1792), who gave, in 
his “Zoologia Adriatica,” a catalogue of the animals 
of the Gulf of Venice. Almost all the naturalists who 
visited Trieste in the first half of last century were 
German; of these, two may be named: I. L. C. 
Gravenhorst, who recorded (1831) the results of his 
studies on various molluses, echinoderms and Antho- 
zoa; and J. G. F. Will, who gave an account (1844) 
of the anatomy of Scyphozoa, ctenophores and sipho- 
nophores. K. E, von Baer came in 1845 from Russia 
to Trieste to search for larvae of echinoderms, but 
the results in that and in the following year were 
not very satisfactory.’ His visit, however, was fruit- 
ful in another respect, for he encouraged Koch, a 
young Swiss merehant resident in Trieste and an ar- 
dent collector, in his project of founding a museum of 
the Adriatic fauna, which became the center of studies 
on the Gulf of Venice. Johannes Miiller spent the 
autumn of 1850'in Trieste working on the develop- 
ment of echinoderms and worms. 

Among many who worked at the museum between 
1850 and 1870 were Oscar Schmidt, who carried on 
researches on sponges; A. E. Grube, who examined 
the annelids and discovered the parasitic rotifer Sei- 
son nebaliae; and, Kowalevsky, who described (1868) 
the remarkable sexual dimorphism in Bonellia viri- 
dis. In 1874 the Adriatic Society of Natural Science 
was founded and the 27 volumes of its bulletin are 
rich in observations on the biology of the area. 

In 1875 the Institute of Marine Biology was estab- 
lished by the Austrian Government, and many famous 
naturalists have, worked in its laboratories, e.g., 
Metchnikoff, on intracellular digestion and phagocy- 
tosis ; Kowalevsky, on medusae; Driesch, on the de- 
Velopment of isolated blastomeres; the brothers Hert- 
wig, F. E. Schultze, K, Grobben and Hatschek. 

In 1900 the zoological station was enlarged and re- 
organized under, the new director, Professor C. I. 
Cori. A list of the’ more important investigations 
carried on at the laboratory from that time until 1915 
is given by Dr. Stenta, including Friedlinder’s inves- 
tigation of the.constitution of the purple secretion of 
Murex, for whieh14,000 specimens were collected; 
Heider’s work' on ‘the development of Balanoglossus, 
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and Przibram’s researches on regeneration in Crus- 
tacea. There were also several investigations in ap- 
plied zoology; the culture of sponges, the coral fish- 
ery, and parasitic protozoa of fishes. 

- It appears from the concluding part of the address 
that the Italian Royal Committee for Marine Inves- 
tigation, which took over the zoological stations at 
Trieste and Rovigno, proposes to suppress the former, 
and Dr. Stenta puts forward a plea for its retention. 


LIVERPOOL MEETING OF THE BRITISH 
ASSOCIATION FOR THE ADVANCEMENT 
OF SCIENCE 


A PRELIMINARY program of the Liverpool meeting 
of the British Association, to be held from September 
12 to 19, under the presidency of Sir Ernest Ruther- 
ford, has been issued. The railway companies have 
agreed to supply return tickets at a single fare and a 
third to all members who obtain vouchers from the 
offices of the association, at Burlington House. The 
president is to deliver his address at the opening 
meeting on the first evening, taking as his subject 
the “Electrical Structure of Matter.” He will prob- 
ably be able to describe recent work in the experi- 
mental transmutation of elements. 

In accordance with the innovation made since the 
war, the thirteen addresses of the sectional presidents 
are to be distributed over the week, five being given 
on the Thursday, five on Friday, and three on Mon- 
day. In these the applied side of science is to be 
given full scope, Professor Ashworth discussing the 
bearing of zoology on human welfare; Dr. Vaughan 
Cornish, the opportunity of the British Empire; Dr 
Crowther, science and the agricultural crisis; Sir H. 
Fowler, science and transport; Mr. C. Burt, the men- 
tal differences of individuals with special reference to 
industry; and Sir William Beveridge, employment 
and population. The presidents of the geological, 
physiological, botanical, chemical and mathematical 
sections are to deal with pure science. Professor 
Nunn is to discuss the education of the masses, and 
Professor Newberry is to devote his address to Egypt 
as a field for anthropological research. 

The two most important discussions are to be held 
by the physicists, chemists and engineers on cohesion 
and molecular forces, and by the chemists and physi- 
ologists on the physical chemistry of membranes and 
its relation to human physiology. There will be a dis- 
cussion on the origin of domestic animals by geog- 
raphers and anthropologists. 

The Lord Mayor of Liverpool is to give a reception 
on the Thursday evening, on Friday evening Pro- 
fessor Elliot Smith is to lecture on the study of man, 
and on the Tuesday evening there is to be a scientific 
soirée. The more important industrial works in or 
near Liverpool are to give opportunities to members 


re 


— 
— 
: 2 
ae 
fe 
| 
& 
__ 
| 
| 
- 


10 SCIENCE 


to inspect them and excursions of a varied nature are 
being arranged. 


THE OPTICAL SOCIETY OF AMERICA 


Tue Eighth Annual Meeting of the Optical Society 
of America will be held at Cleveland, Ohio, October 
25, 26 and 27, 1923. The regular sessions for the 
reading of papers will be open to all interested 
persons. 

Members and others desiring to communicate re- 
sults of optical research are invited to submit titles 
of papers for the program to the secretary any time 
before September 10. Titles received after that date 
ean not be included in the program. There will be 
no “supplementary program.” Each title must be ac- 
companied by an abstract ready for publication. 
These abstracts will be printed in the program and 
in the minutes of the meeting. The purpose of the 
abstract is to give: (1) A more definite description of 
the nature and scope of the paper than can be con- 
veyed in the title; (2) the essential results in so far as 
may be possible in the limited space allowed. It is 
hoped that the advance publication of these abstracts 
will prepare those attending the meeting to consider 
the papers more intelligently and with much greater 
interest. Printed forms on which to submit titles and 
abstracts may be obtained on application to the sec- 
retary. Inasmuch as their use will greatly simplify 
and expedite the work of editing and printing the 
program, the secretary earnestly requests that these 
forms be used in submitting abstracts. 

Attention is invited to the following resolution 
adopted by the council at its annual meeting, October, 
1922: “That it is the sense of the council that ordi- 
narily members should not present, without invitation, 
papers which have already been published.” 

No title will be printed to be presented “by title.” 
Titles should not be submitted unless the author has a 
bona fide intention to actually present the paper 
orally or have it presented by some one else. 

The Committee on Papers for the Cleveland Meet- 
ing consists of Herbert E. Ives, Chairman, W. E. 
Forsythe, H. G. Gale, Irwin G. Priest and Charles 
Sheard. 

Irwin G. 
Secretary. 
BUREAU OF STANDARDS, 
_ WASHINGTON, D. C. 


THE ROCKEFELLER INSTITUTE FOR 
MEDICAL RESEARCH 


THE Board of Scientific Directors of The Rocke- 
feller Institute for Medical Research announces the 
following promotions and appointments: 

Dr. Oswald T. Avery, Dr. Walter ‘A. Jacobs, Dr. 
Michael Heidelberger, Dr. Christen Lundsgaard, Dr. 
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Peter K. Olitsky and Dr. Louise Pearce, hitherto as. 
sociates have been made associate members. Dr, 
David I. Hitcheock, Dr. Frederic M. Nicholson, Dr, 
Henry 8S. Simms and Dr. Leslie T. Webster, hitherto 
assistants have been made associates. Dr. Mimosa H. 
Pfaltz, hitherto a fellow, has been made an assistant, 
The following new appointments are announced: 


Associate Members ............... .Dr. Jacob J. Bronfenbrenner 
Dr. Paul A. Lewis 
Associates Dr. Oskar Baudisch 


Mr. Herbert L. J. Haller 
Dr. Stuart Mudd 


Mr. Arnold M. Collins 
Dr. John H. Crawford 
Dr. Robert Elman 

Dr. Joseph H. B. Grant 
Mr. Moses Kunitz 

Dr. Cecil D. Murray 

Dr. Everett 8. Sanderson 
Dr. David T. Smith 

Mr. James Vander Scheer 
Dr. Lars A. Welo 

Miss Gladys Bryant 

Dr. Charles Korb 

Miss Dorothy Loomis 

Dr. Elmer L. Straub 


Dr. J. Howard Brown, hitherto an associate in the 
department of animal pathology, has accepted a posi- 
tion as associate professor of bacteriology with Johns 
Hopkins Medical School. 

Dr. Fred A. Taylor, hitherto an associate in chem- 
istry, has accepted a position as head of the depart- 
ment of bio-chemistry at the William H. Singer Me- 
morial Research Laboratory, Pittsburgh, Pa. 


HONORARY DEGREES AT YALE 
UNIVERSITY 

In presenting candidates for honorary degrees at 
Yale University, Professor William Lyon Phelps said 
of those on whom the doctorate of science were con- 
ferred: 

WALTER BraDFoRD CANNON: Physiologist. Dr. Can- 
non was born in Wisconsin, is a graduate of Harvard 
and professor of physiology. He is a fellow of many 
scientific societies at home and abroad. His war services 
were conspicuous. He was president of the Medical 
Research Society of the American Red Cross in France 
in 1917-18, and lieutenant-colonel of the Medical Corps. 
He was decorated Companion of the Bath, British, in 
1919. As an investigator he is in the front rank of 
American physiologists. His work on organic conditions 
as affected by emotion is profoundly original, and on it 
is based the diagnostic method which is now employed. 
When he was a medical student in 1896, he used the X- 
ray while studying the processes of digestion. He ob- 
served that anxiety, worry and anger were immediately 
registered by the stoppage of motions in the alimentary 
tract. He became a specialist in the relation of emo 
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tional excitement to bodily disorders and has since given 
us scientific reasons for not worrying and for remaining 
cool under provocation. For nearly two years, 1917- 
1919, Dr. Cannon was working in France on the results 
of shock, and in the perfecting of the proper treatment. 
He is a scholar and a benefactor of mankind. 

Jacques LoeB: Head of the Department of Experi- 
mental Biology, Rockefeller Institute for Medical Re- 
search. Dr. Loeb was born in Germany, and studied 
medicine at Berlin and Munich, receiving the degree of 


: doctor of medicine’ from Strasbourg in 1884. He is a 


member of many learned societies at home and abroad: 
The National Academy of Sciences; honorary member of 
the Royal Institute, corresponding member of the Insti- 
tute of France, honorary member Royal Belgian Medical 
Academy, corresponding member Cracow Academy, the 
Moscow Society of Naturalists. He has been professor 
at Bryn Mawr, for the eagle eye of Miss Carey Thomas 
saw his youthful possibilities; at Chicago and at the 
University of California. Since 1910 he has been head 
of the division of general physiology, Rockefeller Insti- 
tute. His publications have made him one of the fore- 
most men of science in the world. His work on artificial 
parthenogenesis is nothing short of epoch-making, and 
his analyses of the mechanical and chemical bases of the 
simpler forms of animal behavior bid fair to revolution- 
ize the fundamental conceptions of biology. An experi- 
menter of extraordinary ingenuity, he has brought all 
the resources of physics and chemistry to bear on the 
interpretation of vital processes. His work on the dy- 
namics of living matter has led him to profound discus- 
sions upon mechanistic philosophy. He is something 
more than an original investigator; he is, in every sense 
of the word, creative. 

HENRY FAIRFIELD OSBORN: Paleontologist. Merely to 
enumerate the list of Dr. Osborn’s achievements, services, 
and resulting decorations would make us late for the 
alumni dinner. He was graduated from Princeton in 
1877: he has received the degree of doctor of science 
from Princeton and from Cambridge; doctor of philoso- 


| phy from Christiania, and doctor of laws from Trinity, 


Princeton and Columbia. He was professor of compara- 
tive anatomy at Princeton, professor of biology and later 
research professor of zoology at Columbia, where for 
some years he was dean of the faculty of pure science. 
He is president of the American Museum of Natural 
History, easily the first institution of its kind in this 
country and undoubtedly in the front ranks of the 
world’s great museums. He has also been president of 
innumerable institutions and societies in natural history, 
vertebrate paleontology and zoology. The range of his 
activities may be partly indicated by his having been 
President of the International Congress of Eugenics, of 
the American Bison Society and of a School for Girls. 
He is an honorary member of scientific societies in Eng- 
land, France, Russia, Germany, Italy, Sweden, Belgium 
and South America. He is not only a citizen of the 
world, but of all time, applying the most recent methods 
of study to the most ancient periods of history. His 
books are illuminating illustrations of the happy com- 
bination of scientific information and literary art. 
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JOSEPH LEIDY COMMEMORATIVE 
MEETING 


On December 6, 1923, the centenary of the birth of 
Dr. Joseph Leidy will be commemorated by several 
meetings to be held in the Academy of Natural Sci- 
ences of Philadelphia. The meetings will be under 
the auspices of the following organizations, with all 
of which Dr. Leidy was associated: 

The Academy of Natural Sciences of Philadelphia 

The American Association of Anatomists 

The American Entomological Society 

The American Philosophical Society 

The American Society of Naturalists 

The Boston Society of Natural History 

The College of Physicians of Philadelphia 

The National Academy of Sciences 

The Smithsonian Institution 

The Swarthmore College 

The University of Pennsylvania 

The Wagner Free Institute of Science 

The Wistar Institute of Anatomy and Biology 

The Zoological Society of Philadelphia 

A large number of scientifie organizations through- 
out the world have been invited to designate repre- 
sentatives to attend the meetings, which have been 
planned to suitably present the comprehensiveness of 
Dr. Leidy’s researches. 

The addresses to be delivered at the meetings will 
be appreciative of the diversity of Dr. Leidy’s con- 
tributions to science. These have been selected as fol- 
lows: General estimate of influence upon scientific 
thought and development; Personal recollections and 
appreciation as an anatomist; Zoological work; Pale- 
ontological and geological work; Botanical work; 
Mineralogical work; Medical work. The speakers 
upon these topics have been selected and their names 
will be announced at a later date. 

As a part of the commemorative meeting there will 
be established a Joseph Leidy Memorial Medal, as a 
trust with the Academy of Natural Sciences of Phila- 
delphia, to be awarded in recognition of preeminent 
contributions to the biological sciences. 

A banquet at the time of the meeting has been 
planned, and several other features, which would aid 
in suitably and permanently commemorating the im- 
portance of Dr. Leidy’s researches, may be arranged. 

The joint committee in charge of the commemora- 
tion is composed of twenty-one representatives of 
the above listed organizations. An executive sub- 


committee of ten has immediate direction of details: 


for the main committee. The address of the com- 
mittee and executive sub-committee is, care of the 
Academy of Natural Sciences of Philadelphia. 


SCIENTIFIC NOTES AND NEWS 


Science will hereafter be printed by The Science 
Press Printing Company, Lancaster, Pennsylvania. 
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Dr. Davin Wuirs, senior geologist of the United 
States Geological Survey and president of the Geo- 
logical Society of America, received the degree of 
doctor of science from the University of Cincinnati on 
June 16, and the sarne degree from the University of 
Rochester on June 18. 


Brown University has conferred its doctorate of 
science on Dr. George D. Birkhoff, professor of mathe- 
matics in Harvard University. 


Tue degree of doctor of science has been conferred 
by Williams College on Edward Barton, professor of 
sanitary chemistry at the University of Illinois. 


Boyce TuHompson, of New York, presi- 
dent of the Roosevelt Memorial Association, who re- 
cently founded the Institute for Plant Research at 
Yonkers, N. Y., received the degree of doctor of laws 
at the commencement exercises of the University of 
Kentucky. 


THE University of Cambridge has conferred the 
doctorate of science on Professor H. A. Lorentz, of 
Leiden, who has been lecturing in England under the 
auspices of the Anglo-Batavian Society. 


THe University of St. Andrews will confer the 
honorary degree of LL.D. on Herbert William Rich- 
mond, University lecturer in mathematics in the Uni- 
versity of Cambridge, retiring president of the Lon- 
don Mathematical Society, and Sir Robert Robertson, 
chief government chemist, London. 


On the occasion of the birthday of the King of 
England the following have been knighted: G. H. 
Knibbs, director of the Bureau of Science and In- 
dustry, of Australia; W. J. R. Simpson, professor of 
hygiene, King’s College, London; Dr. H. W. G. 
Mackenzie, Royal College of Physicians, and J. Ever- 
shed, director of the Kodaikanal and Madras Ob- 
servatories. 


M. Moutrarp, dean of the faculty of science of the 
University of Paris, has been elected a member of the 
Paris Academy of Sciences in the section of botany 
to succeed the late Gaston Bonnier. 


Tue Helmholtz gold medal, awarded once in ten 
years by an international committee for the most sig- 
nificant research in the domain of optics, has been 
given to Professor K. von Hess, of Munich, for his 
investigations on color vision. 


THe Swedish Medical Association has founded a 
gold medal, called the “Gullstrand Medal,” in honor 
of Dr. Alvar Gullstrand, professor in physiologic and 
physical optics at Upsala. This prize will be award- 
ed for the first time in 1932 and thereafter each tenth 
year, without regard to nationality. 
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Dr. G. N. Lewis, of the University of Californiy, 
has been elected an honorary member of the Londo, 
Chemical Society. 


Proressor Jacos G. Lipman, of Rutgers College, 
has been elected a member of the Swedish Royal §p. 
ciety of Agriculture. 


At the recent meeting in Montreal of the Canadiay 
Medical Association a resolution of thanks was passe 
to Dr. T. C. Banting, of Toronto, for the discovery o{ 
insulin. It was announced that the Canadian Goy. 
ernment would be asked to offer suitable recognition 
of Dr. Banting’s services. 


A FAREWELL banquet was tendered Dr. Perry G. 
Snow, retiring dean of the University of Utah Schoo! 
of Medicine, by the students of the medical associa. 
tion of the university on May 24. Professor L. L, 
Daines acted as toastmaster. Dr. Snow, who will be 
succeeded as dean by Dr. Ralph O. Porter, of Logan, 
Utah, will make a tour of the eastern medical schools, 


THE silver loving cup, given by the Detroit Local 
Section of The American Society of Mechanical En- 
gineers to the Associated Technical Societies of De- 


troit to be presented to the winner of the civic welfar.§ 


papers contest, was won by Frank Burton, commis-; 
sioner of buildings and safety engineering for the 
city of Detroit. The prize-winning paper was: on 
“The fundamentals of city zoning.” 


GrorGce A. StTeTsON, assistant professor of mechar- 
ical engineering at Yale University, and for the past 
four years editor of the Transactions of The Ameri- 
ean Society of Mechanical Engineers, has resigned 
both these positions to enter the wholesale coal busi- 
ness in Boston. 


Dr. Herman M. Biaas, New York State commis. | 


sioner of health, formerly professor of medicine in the 
Universtty and Bellevue Hospital Medical School, 
died on June 28, of pneumonia, at the age of sixty- 
three. 


UNIVERSITY AND EDUCATIONAL 
NOTES 
THE University of Chicago has announced a giit 0! 
$200,000 from the Seymour Coman estate, the iner me 
to be used for “scientific research, with special refer- 
ence to preventive medicine and the cause, preventio! 
and cure of diseases.” 


At the commencement exercises of Rensselact 
Polytechnic Institute last week, the alumni association 
made initial plans for the celebration in October, 
1924, of the centennial of the institute. 


Hersert §. Hapiey, formerly governor of Mis- 


souri, has been elected president of the University 0! 
Missouri, to succeed Dr. Frederic A. Hall. 
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Mr. W. Puasuey, of Lincoln, Nebraska, 
assistant secretary of agriculture, has presented his 
resignation to Secretary Wallace and has accepted the 
presidency of the South Dakota College of Agricul- 
ture and Mechanical Arts. 


Dr. J. Howarp Brown, Europa, Miss., and Dr. 
William L. Holman, San Francisco, have been ap- 
pointed associate professors in bacteriology at Johns 
Hopkins Medical School, to succeed Dr. Stanhope 
Bayne-Jones, who resigned to become head of the 
department of bacteriology in the University of 
Rochester Medical School. 


DISCUSSION AND CORRESPON- 
DENCE 


ON THE DONNAN EQUILIBRIUM AND THE 
EQUATION OF GIBBS 


‘ne theory of membrane equilibrium due to F. 
Donnan (1911) is exciting much attention at the 
present time. There is no doubt that it is one of the 
most important contributions to colloid chemistry, 
and as the work of a fellow countryman, I do not 
wish to diminish the praise that has been given to it. 
Nevertheless, it is of historical interest to find that 
the Donnan equilibrium is one more addition to the 
list of theories implicit in the work of J. Willard 
Gibbs, published in the transactions of the Connecti- 
cut Academy in 1875. It is remarkable that Gibbs’ 
equation has been overlooked for more than forty 
years, in view of the fact that membrane equilibrium 
enters into so many problems. 

The following quotation is taken from the 1906 edi- 
tion of “The Scientific Papers of J. Willard Gibbs,” 
Vol. 1, p. 83: 


We will, however, observe that if the components 
8, 8,, etc., can pass the diaphragm simultaneously in 
the proportions a, a,, we shall have for one particular 
condition of equilibrium 


+ + ete., = + agmy + ete.....” (78) 
4, = equivalent weight of substance 
a, = equivalent weight of substance 8, 
m; =m, are the potentials of Sy S, inside the membrane 
mj = mgs are the potentials of S,, outside the membrane 

If 8., 8, behave like perfect gases, equation (78) can 
be simplified since dm, = at. d. log p, (285) 
where t is the temperature and p the pressure 

log pj + log = log py’ + log pz 


expressing concentrations in the conventional manner this 
becomes 


18,1’ X [8,]” = (8,]” [8,]” 
Equation (78) applies to solutions of electrolytes 
which do not obey the gas laws, but we have stated 
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this simple form of it for comparison with Donnan’s 
equation : 
[Na]’ X [Cl]’ = [Na]” X [Cl]” 
G. S. 
MASSACHUSETTS GENERAL HOSPITAL 
Boston, MASSACHUSETTS 


IRON-DEPOSITING BACTERIA 


Tue presence of three kinds of iron-depositing bac- 
teria (Spirophyllum ferrugineum Ellis, Gallionella 
ferruginea Ehrenburg, Leptothrix ochracea Kiitzing 
or Chlamydothrix ochracea Migula) in the natural 
chalybeate waters around Yellow Springs, Ohio, 
seems not to have been reported previously. 

Gallionella, according to Harder,’ has been re- 
ported in three localities in the United States, viz., 
from mines in southwestern Wisconsin, central Min- 
nesota and from the city water supply of Madison, 
Wisconsin. As found at Yellow Springs, Gallionella, 
as well as the other two genera mentioned above, is 
abundant in the water that issues to the surface in 
the Cedarville limestone. One of these chalybeate 
springs has made a large deposit of ocherous mate- 
rial, which gives us some indication that the deposi- 
tion at this particular spring has probably been 
going on for a long time. 

As noted by Harder? it is quite striking that these 
iron bacteria are so peculiarly distributed, their dis- 
tribution sometimes seeming to depend upon the 
amount of iron in the water, but often on other less 
well-known causes. We have many springs in this 
vicinity and these bacteria appear in a very few of 
them. The causes of distribution as well as many 
morphological and physiological features of these 
iron-depositing bacteria remain unsettled. 

O. L. Inman 

ANTIOCH COLLEGE 


WATER GLASS AS A MOUNTING MEDIUM 


THE use of the common water glass or egg pre- 
server as a mounting medium for microscopic objects 
has not been reported to my knowledge. Very re- 
cently I have had occasion to use it with such appar- 
ently successful results that I am forwarding this note 
in the hope that others who possibly have tried it suc- 
cessfully or otherwise will give us the benefit of their 
experiences. 

It is used in the same manner that one would em- 
ploy with Canada balsam, but has the added advan- 
tage that dehydration is not necessary. The medium 
at the periphery of the cover glass quickly hardens to 
the consistency of glass itself, thus sealing in the 
liquid center in which the specimen is held. The 
liquid condition of the medium surrounding the speci- 
men, while viscous enough to prevent movement, 

1 Harder, E. C., ‘‘Iron-depositing bacteria and their 


geologic relations,’’ U. 8. Geological Survey Professional 
Paper 113. 
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allows hairs, scales and bristles to maintain a natural 
position. It is not satisfactory for mounting alco- 
holie specimens, but those previously cleared in 
KOH may be mounted with the same ease that is 
experienced with fresh or water preparations. 

It also makes a very satisfactory substitute for 
shellac in mounting insects on points, as it is color- 
less, unaffected by heat and holds the insect securely 
in many cases where the shellac mounted insect is apt 
to snap off. 

Dean T. Burk 
UNIVERSITY OF CALIFORNIA 


STAFF ORGANIZATION OF INSTITUTIONS 
OF RESEARCH AND EDUCATION 


Proressor WHETZEL’s letter of resignation as ad- 
ministrative head of the Department of Plant Pathol- 
ogy at Cornell University, extracts from which were 
printed in Phytopathology, xii 10, October, 1922, 
p. 499, ought to lead to a broad discussion of the staff 
organization of our institutions of research and edu- 
cation. There is no question that our present system 
is archaic, a remnant of the time when our institu- 
tions were small and each department was fully 
served by a single scientist or professor with perhaps 
the aid of an assistant whose duties were strictly 
those of a helper. 

With the growth of our institutions there has been 
a natural increase in the working force of the various 
departments, while administrative duties have ab- 
sorbed more and more of the energies of the depart- 
ment chief, with the result that at the present time 
the bulk of the research and teaching is being taken 
care of by persons of the nominal grade of assistant, 
though with a minimum of direct supervision by the 
department head. If the only persons concerned 
were those to whom the system is familiar, the matter 
of title would be of little consequence. The system, 
however, is very confusing to members of the general 
public, who are in the habit of interpreting the titles 
of professional workers in terms of their own occupa- 
tion. To such persons the assistant is merely a 
helper, a species of apprentice who has not demon- 
strated the capacity for independent work, and one 
who remains an assistant indefinitely is looked upon 
as a failure in his profession. Not long ago I was 
discussing the merits of a certain research worker 
with a man of wide business experience when I was 
interrupted by the remark: “But he is only an as- 
sistant. He hasn’t arrived.” Need we marvel that 

men of this type are so often suspicious of the edu- 
cation which has been so largely imparted by the as- 
sistant professors of our colleges? Is it strange that 
the hard-headed business men who inhabit our legis- 
lative halls go slow in providing support for research 
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to be carried on by apprentices? And how are we to 
regard the farmer who, having written for informa. 
tion to his state experiment station and receiving a 
perfectly good letter signed by an assistant, feels 
that his request has been slighted, loses confidence in 
the institution and fails to write again? 

Thus it follows that young men of real ability as 
teachers or investigators, if they are to gain proper 
recognition and an adequate salary, and if they are 
to gratify a laudable ambition for accomplishment, 
are forced into commercial lines or obliged to seek 
administrative positions when they may have but 
moderate administrative talent and would be happier 
and more successful could they pursue the occupation 
of their choice. As the demand for administrators is 
limited, the result is discontent and frequent changes 
of personnel. Evidently there is a feeling abroad 
that the present form of organization might be im- 
proved. Many of the larger universities have estab- 
lished full professorships other than those occupied 
by administrative department heads, but this prac- 
tice does not abound to as great an extent as could be 
wished. The appointment of associates and sub- 
sidiary research men has served as an expedient to 
get around the difficulty. No doubt many of the 
heads of our institutions would be glad to give their 
men greater recognition if they could do so without 
appearing to degrade the professional title by asso- 
ciating it with an inadequate salary, and there are 
certainly numerous departmental heads of broad 
enough mind to see no loss of prestige to themselves 
in an increased recognition of their associates. Prob- 
ably reforms in these respects may best be brought 
about by degrees, and Professor Whetzel’s sugges- 
tions, if not too strictly interpreted, have a good deal 
of point as a step taken by one on the inside. May we 
not hope that when many of the so-called assistants 
shall find themselves in positions of administrative 
authority, means may be found for further progress 
in organization reform? 

W. J. Youne 
AGRICULTURAL EXPERIMENT STATION 


QUOTATIONS 


THE BRITISH NATIONAL TRUST 


Yesterpay the National Trust added another inter- 
esting possession to its steadily growing list. Lord 
Ullswater accepted, on its behalf, from the Norfolk 
and Norwich Naturalists’ Society an island of some 
twelve hundred acres of sand-dunes and saltings on 
the Norfolk coast, the protection of which has long 
been desired by all lovers of birds and flowers to 
whom it was known. Such a place finds its natural 
guardian in the Trust, whose work at Wicken Fen, 
Blakeney Point, and elsewhere has already won the 
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confidence of those who are alive to the importance 
of saving our Nature reserves before it is too late. 
The task of protecting such properties from the dan- 
gers which threaten them is not an easy one, even 
after they have been acquired, as was hinted in the 
account of Seolt Head given in our columns on Thurs- 
day. But the first step is their purchase, and it is 
satisfactory that that step has again been successfully 
taken and another home of wild life added to the 
secured treasures of the nation. 

Few societies have gone more steadily forward, 
even during the last nine difficult years, than the 
National Trust. It is not yet thirty years old, but in 
a very short time it won such public confidence that it 
received special powers under its own Act of Parlia- 
ment; and it has now more.than a hundred proper- 
ties of one kind or another. What is more remark- 
able is that nearly half of them have been acquired 
during the lean years which have followed 1913. Of 
course a hundred is a mere drop in the ocean of 
“places of natural beauty or historic interest ” which 
it would be desirable to see in the hands of the Trust. 
But it is a beginning, and a beginning which has 
grown fast, and promises to grow still faster. The 
truth is that the growth of the Trust is partly the 
result and partly the cause of a change in public 
opinion. A hundred, and even fifty, years ago build- 
ings of the greatest historic or architectural interest 
were destroyed, places of exceptional beauty were 
built over or otherwise ruined, and scarcely a voice 
was heard in protest. Such crimes, or follies, are still 
committed, though much less often; but now they 
never fail to arouse public indignation. The whole 
movement demanding the preservation of great archi- 
tecture and the protection of beautiful landscape has 
gathered greatly increased force since the foundation 
of the Trust. The original Ancient Monuments Act 
has been largely extended: a permanent Commission 
on Historical Monuments has been appointed, and 
has already published its survey of several counties; 
a Society for Nature Reserves has been founded; 
many dioceses have established committees for the 
care of their churches; and the National Trust itself 
has become the owner of one or two large and many 
small historic houses, several properties having asso- 
ciations with such great names as those of Gray and 
Wolfe and Coleridge, and some thousands of acres 
of the most beautiful open land in the country, in- 
cluding a large part of the shore of Derwentwater 
and other properties adjoining Ullswater and Winder- 
mere. Such achievements are proof of the strength 
of the movement and a sure promise of its future 
development. Vires acquirit eundo. What is done 
to-day will be doubled to-morrow. But the need is 
doubling, too. Time and man are always engaged in 
the work of destruction, and an always inereasing 
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population is always needing more open spaces. 
However fast the Trust grows, it is certain that it 
will not, at least in our time, overtake the calls made 
upon it.—The London Times. 


SCIENTIFIC BOOKS 


A History of Magic and Experimental Science during | 


the First Thirteen Centuries of our Era. By LYNN 

THORNDIKE, Ph.D., professor of history in Western 

Reserve University. Two volumes, I. xl. 835, II. 

vi. 1036. New York, The Macmillan Company. 

1923. 

ProFessoR THORNDIKE’S book of two volumes and 
more than 1800 pages will easily take the lead of all 
that has been said of the intellectual conditions of the 
period of which it treats. It stretches across the cen- 
turies from the time of Pliny and Galen to the time 
of Dante. This is a period of depression in the his- 
tory of thought in its various phases, of which several 
writers in this country have studied the details in 
notable works. To those few still active who in their 
younger days may have entered the subject through 
the fascinating pages of Draper’s “Intellectual Devel- 
opment of Europe” and are still attracted by the sub- 
ject, this product of Thorndike’s labor will be espe- 
cially of interest as exhibiting the steps forward in 
scholarship and in the energy and enterprise of re- 
search which it exhibits. The work of Lea on the 
activity of the “Inquisition in the Middle Ages” and 
the more recent one of Taylor on the “Medieval 
Mind” are treasure houses, somewhat dreary, it must 
be confessed, for the future student, but this book of 
Thorndike’s, for fullness and completeness of refer- 
ence, for excellence in presentation, for thoroughness 
of scholarship, leads them all. The reviewer is not 
familiar with any recent works in this field in foreign 
languages which can be compared with it. The pref- 
ace reveals in outline the vast labor undergone, as 
intimated by the author, and the diligent reader on 
finishing it will find the author has not exaggerated 
it, indeed his modesty has not done justice to it in his 
own account. 

In a subject so dull, even so repellent to many 
readers, he has labored to relieve the tedium of 
peru-al by many touches of humor, but there might 
well have been more of them, for the record is a long 
and viresome one—a record of the imbecility of the 
human mind at its worst since it has found a method 
of perpetuating its workings in cursive script. An 
essay on some aspect of the subject of magic may be 
made attractive by picking out the high points which 
allure, but to write an exhaustive and at the same 
time an attractive compendium of it is another mat- 


ter. To combine with it an exposition of the springs © 


of wkat we call experimental science makes it a task 


4 

) 

‘ 

are 
road | 
ves 

rob- 

ight 
ges- 

deal 
we 
ts 
un 
tive 
ress 
G 

er- 
ord : 
olk 

on 
ng 
ral 

on, ~ 
he 


ealling for the strength of a Hercules and the omnis- 
cience of Jove. In fact the history of experimental 
science in this connection does not stand forth as it 
should if Dr. Thorndike were a demigod. In the mat- 
ter of the exposition of medieval magic the book 
leaves little to be desired, but for the exposition of 
the sources of experimental science one must look 
elsewhere in some future compendium that goes far 
back of Galen. Such a work should expose more 
fully the experimental side of Galen’s activities. His 
work on the arteries, but for the impediment of his 
theories, should have led to a very much better com- 
prehension of the circulation of the blood long before 
Harvey. His experiments on the spinal nerves and 
the utilization of the vivisection of apes for the pur- 
pose might well have crowded out of Dr. Thorndike’s 
book some of Pliny’s drivel. In beginning magic with 
Pliny the author does not perhaps go far wrong, but 
experimental science does not begin with Galen nor 
with the school at Alexandria either, for that matter. 
Pliny’s primitive magic, it is true, was probably 
already old in the world, and in written history there 
seems little to cavil at if a start is made with his Nat- 
ural History, but not so as to experimental science 
beginning with Galen. This the author very explic- 
itly admits and pleads very justifiably the law of 
limitations. Nevertheless, one must beware of think- 
ing of magic and experimental science with its start 
at Pliny and Galen as one involuntarily does in this 
exposition of them. 

It is natural to find Professor Thorndike in diffi- 
eulties with definitions. “Let a woman spit three 
times in a frog’s mouth and she will not conceive for 
a year,” or, to choose again, this time an example of 
a technique difficult or impossible to perform, which 
is a notorious trick with magicians, Saint Hildegarde 
said, to get a really serviceable amulet you must catch 
a poisonous snake after he has skinned himself in a 
cleft ef the rock and dry him for the purpose. There 
is no difficulty in defining these things as magic, but 
when we come to astronomy arising out of the hokus- 
pokus of astrology, a thing which the author seems un- 
duly to deprecate, or of chemistry out of the superch- 
eries of alchemy, we are on different ground and do 
not know which to call these activities of medieval 
monks, magic or experimental science. Now we don’t 
have that trouble when we read Hippocrates or 
Aristotle; we have to go back to Empedocles for that. 
With him he must have begun if he was to justify his 
iitle as to experimental science. He must have led 
us up the crest of the wave to the pinnacle of the 
glory of Greece and down again to the trough of the 
sea with Pliny and Sextus Empiricus, but even back 
of them lies a magic, Babylon and Egypt and the 
Zend Avesta and the Rig Veda and the Poem of 
Gilgamesh. Now Professor Thorndike realizes all 
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this and there can be no criticism for his curtailment 
of the subject, but he should have left “experimental 
science” out of his title if he was going to begin with 
Galen and give us so little of it even with him. 
There are certain defects perhaps unavoidable in 
thus breaking arbitrarily into the full current of the 
evolution of thought in the domain of magie and sci- 
ence, admitted though the necessity must be for cur- 
tailment. The man-eating ants who mined gold for 
Prester John and the emetic recommended once a 
week in the Secret of Secrets of the Pseudo-Aristotle, 
Hildegarde’s boiling of swamp water for drinking 
purpose, as Cyrus did for the waters of the Choaspes, 
might all have been found in Herodotus. Even the 
mistake about respiration of goats through their ears 


* is found in the fragments of Alemaeon long before 


Herodotus. Spitting magie came straight out of 
Egyptian papyri from the primitive magic back of 
them. The magic of numbers goes back of Pythagoras 
and is found in far lands which knew naught of any 
intellectual matters in medieval Europe. Belief in 
the gods did not antedate magic, but that is a matter 
of definition again into which we can not go. The 
Virgil of our modern editions of the Georgics II says 
nothing at line 480 of gems or herbs or of the minds 
and wrath of brutes, of fruits or reptiles. Hugh of 
St. Victor gives quite another hue to the color of line 
479 hy finding them in his edition, quite a magical 
atmosphere, which in reality Virgil did not breathe 
so copiously as the middle ages would make us be- 
lieve. Comment on this is unfortunately lacking in 
Professor Thorndike’s account. Perhaps he hardly 
meant to attribute to Galen Alemaeon’s theory of the 
wave nature of sound, but so the reviewer reads it in 
the text. The story of Galen catching the lady in love 
with a play actor is the exact counterpart of a story 
attributed to Hippocrates in the malady of Prince 
Perdiccas and more plausibly the same story was told 
of Erasistratus, because in his time all Alexandria 
was egog with interest over Herophilus and his work 
on the pulse. If he had started at the beginning of 
experimental science with the Greek philosophers, for 
instance, we would have found the author experiment- 
ing in a spurious book of the Hippocratic Corpus 
with the question of drink passing into the lungs and 
making a mistake as even scientific experimentalists 
will do occasionally. As to various other matters re- 
lating to the theories of elementary cognition the 
author might have found a summary in the excellent 
work of Beare on the subject dealing with work of 
the predecessors of Aristotle. Whatever Hero of 
Alexandria may have done in his day, the phenome- 
non of air pressure on a column of water was ade- 
quately demonstrated by Empedocles with his clep- 
sydra. It was primarily on these Adelard of Bath 
must have based his elaborations. It is interesting, 
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deficient in essential salt elements. 


Jury 6, 1923] 


however, to see the mind of Peter of Abano filled with 
a hopeless longing for a knowledge of the atomic 
weighis of the elements, but it is not stated if he was 
guided thereto by Archimedes’ celebrated discovery of 
specific gravity. 

Roger Bacon fares badly at the author’s hands, one 
is afraid, because we all in the last twenty years or 
so have been fed up on Bacon (no pun intended). 
The guides in Rome irritated the Innocents Abroad 
by all but ascribing the creation of the world to 
Michael Angelo, and we have grown a little sensitive 
about Roger Bacon being wholly responsible for the 


‘creation of experimental science, and Professor 


Thorndike stands so straight on the subject he seems 
to the dispassionate reader to lean over backwards a 
little For any one who has wrestled spiritually as 
well as physically with the tomes of Albertus Magnus, 
who seems to be his hero, it would be easy to make 
the Swabian leviathan somewhat of the same kind of 
a bore. One is, as it is, tempted to say he owes his 
fame to longevity and industry 

There is a tendency to the repetition of certain 
phrases, Which jars the attentive reader a little, there 
are some words used which are not to be found in the 
Century dictionary, some slips, but very few, in 
proot-reading. Indeed, such minor blemishes are ex- 
ceptienally searee for a work so extensive. Some 
perhaps not so negligible may nevertheless be passed 
over. It is hardly justifiable to refer further to these 
comparatively few shortcomings, since there is not 
more space permitted for an appreciation of the mer- 
its of a book which is, on the whole, an ornament to 


s\merican scholarship. 


JONATHAN WRIGHT 


SPECIAL ARTICLES 


ON THE ADAPTATION OF WHEAT TO 
GROWTH MEDIA DEFICIENT IN 
NUTRIENTS 
Ix the correlation obtained between differences in 


Nield of grain of different varieties of spring wheats 
hud that of their relative earliness of maturation ap- 


pears a relation that suggests a factor which presum- 
mbly plays no ineonsiderable réle in the adaptation 


bf variety of wheat (and probably other plants) for 
aximum grain produ: tion from growth media mark- 
Of nine dif- 
‘erent varieties grown in such a medium, the largest 
vield of grain, 200 milligrams, per culture (average of 
‘), each containing 5 plants), was produced by the 
‘ariety that ripened first, and the lowest yield, 46 
nilligrams per culture, produced by one of the last 


Paturing varieties. The other varieties produced 


Fields of grain that fell between these two limits, and 
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the magnitude of yield generally corresponded with 
the relative earliness of the variety. Seven weeks 
elapsed between the time the earliest and latest varie- 
ties ripened. There was no correlation between the . 
total dry weights of the different varieties and their 
comparative earliness. The average dry weight pro- 
duced per culture was approximately 1.3 grams, re- 
gardless of variety. 

The plants were grown in tap water, which as a 
growth medium can be defined as being markedly defi- 
cient in essential salt elements. Its osmotic value was 
equal to approximately 0.12 atmosphere osmotic pres- 
sure, with the ions Cl, So,, Ca and Mg constituting 
the major portion of the solutes. The grain per cul- 
ture was that which five plants produced, having 
available to them only those solutes contained in two 
quarts of tap water (two quart Mason jars were used 
as the culture containers) plus that which the seed- 
lings 6—9 em. high, germinated in tap water, contained 
when set in culture jars and one-half e.c. of .01 mol. 
solution of FeSO, per culture added at the beginning 
of the experiment. When the plants were six weeks 
old, from 300 to 500 c.c. of distilled water were added 
to each jar, this being the only change or addition 
made to the original two quarts of tap water. 

As there was no correlation between differences in 
yield of grain of the different varieties and that of 
their relative earliness of maturation when they 
were grown in fertile soil, the question may 
be asked as to causes operative to bring about 
the results obtained when tap water was used as the 
growth medium. It appears that the tap water had 
no particular merit per se other than being a growth 
medium, deficient in nutrients, which enabled that 
variety of wheat that completed its growth cycle in 
the shortest period of time (that is, an early wheat) 
to utilize that small supply of salt elements most effi- 
ciently in the production of grain. Granted that the 
rate of utilization of nutrients for similar processes 
in these wheats was about the same, and that some 
of the nutrients were used in such a way during the 
vegetative growth period of the plants as to pre- 
clude their later utilization for the production of 
grain, then obviously the wheat which has a long- 
growing period, being a late variety, has less nutri- 
ents available for grain production than has an early 
variety. Whether a variety of wheat is early or late 
undoubtedly is largely determined by genetic and en- 
vironmental factors, but the result of these factors— 
that is, whether the variety is early or late—in no 
small measure determines to what extent that mini- 
mum supply of salt elements in the growth medium 
can best be utilized for the production of grain. 

W. F. Gericke 
LABORATORY OF PLANT NUTRITION, 
UNIVERSITY OF CALIFORNIA 
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A NEW VACUUM PUMP 


In connection with certain bacterial fermentation 
studies a new Sprengel pump was designed with 
three distinct requirements in view: First, to avoid 
the labor accompanying the raising and lowering of 
the heavy mereury reservoir of the Sprengel pump; 
second, to prevent the carrying over of air bubbles 
from the main mereury reservoir to the falling tube, 
and third, to make the pump simple, inexpensive and 
serviceable both for exhaustion and for the collection 
of gases. | 

The first diffieulty has been overcome successfully 
by the so-called Boltwood pump, as well as the pres- 
ent device, while the new pump alone meets the other 
two requirements completely, with the feature of 
automatic operation retained. 

The following description of the new pump and of 
its operation may be of interest to those who are fac- 
ing the same problems as the writer’s. 


A is the main mereury reservoir. Both B and C 
bulbs are air traps, C being used to insure the com- 
plete removal of the air bubbles, should they escape 
from the trap B. One end of the inverted syphon E 
is fused into the air trap B, so that the mercury level 
in A and B bulbs is always maintained, while the 
flow of the mercury from A to G is regulated by the 
stopcock D. H is the falling tube, which has a diam- 
eter of 2 mm. and a length of 150 mm. A McLeod 
vacuum gauge J. is connected to the head of the fall- 
ing tube H, which terminates in one arm of the dry- 
ing chamber K. The fermentation tube L is jointed 
to the other arm of the K chamber. M is the mer- 
_ eury-reservoir, to collect mercury coming from the 
- falling tube. W is the leveling tube whose height 
must be above that of the inverted end of the falling 
tube in order to keep it under mereury; especially 
important during the time of collection of the gases. 
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The return of the mercury from M to A is accoy. 
plished through the tube P with the aid of air a4. 
mitted at O’ and mainly by the suction force at 7 
which is connected to a water aspirator. Y is , 
safety bottle used to receive any “kick-back” wate; 
from the aspirator. S opening at A is employed for 
the filling and emptying of the mercury. It can hyp 
sealed up easily by a small rubber stopper. Stop. 
cock O is to regulate the flow of the surplus mercury 
from N, and stopcock O’ to regulate the required 
amount of air to be admitted to tube P. 

The pump is operated as follows: Fill the bulb 4 
with mercury through the opening S up to the leye 
below A’. Then open the stopcock D, allowing the 
mercury to flow slowly through EF over the top of F, 
filling the depression W, and then through X to (, 
The stopcock D should be so regulated that the rapid. Hy 
ity of the flow of mercury dropping down from (6 
will give the rate needed. When the atmospheric B® 
pressure is reduced to about 40 em., the suction force I 
(aspirator being previously opened) is applied by 
opening the stopcock Q’. At the same time, the stop- 
cocks O and OQ’ are also regulated, so that the mer- 
cury collected in M and H ean be retruned to A by 
the same suction force from 7. A continuous supply 
of mercury in the bulb A is thus maintained; also, af 
complete circuit of broken mercury will be seen from 
G to A as long as the aspirator is running. . 

The air bubbles carried over by the mereury from 
A will rise as soon as they emerge from F, and will & 
be swept away by the suction force from the a-§ 
pirator through Q. The same process is repeated at I 
C. Q must be opened very little in order to prevent fi 
the suction force from being strong enough to drav§ 
the gas from L through G, instead of being carriel @ 
down by the mercury drops. 

So long as the aspirator is kept in operation, two 
partial vacuum traps at B and C are created and 
maintained, from which the chances for the air bub 
bles to escape downward are very slight. If they§ 
escape at all, the quantity would be so trivial as to 
cause no serious consequence. : 

The same pump and the same process of operation 
are applicable for exhaustion of the culture tube 0 
bottle and for the collection of the bacterial gases 
However, when an inverted Hempel burette is usel 5% 
to receive the gas, the mercury level at M must be i” 
kept at about M’. Very little effort is required tj 
manipulate this apparatus when it is once set 9% 
operation, provided that the water aspirator has ‘3 
pressure of 20-25 pounds per square inch, which ca" 
always be had in almost every ordinary laboratory. : 

A minimum atmospheric pressure of about 
mm. has been attained with this apparatus. : 

C. C. CHEN 


THE SHEFFIELD SCIENTIFIC SCHOOL, 
YALE UNIVERSITY 


3 
lou. I 
I 
| ail i 
rez 
| i 
“ge 
: 
g 


